With the aim of developing novel anti-inflammatory scaffolds, a new series of pyrazole-substituted various nitrogenous heterocyclic ring systems at C-4 position were synthesized through different chemical reactions and validated by means of spectral and elemental data. The new obtained compounds were investigated for their anti-inflammatory activity using the carrageenan-induced paw edema standard technique and revealed that, compound 6b showed increased potency with % inhibition of edema 85.23 ± 1.92 and 85.78 ± 0.99, respectively, higher than the standard reference drugs indomethacin and celebrex (72.99% and 83.76%). Molecular modeling studies were initiated herein to validate the attained pharmacological data and provide understandable evidence for the observed anti-inflammatory behavior.
Introduction
The effective and quick preparation of biologically active compounds has encouraged Researchers to identify new strategies which could be beneficial to the pharmaceutical industry. Pyrazole analogs are a class of bioactive nitrogenous heterocycles, playing an essential role in the medicinal chemistry fields. Incorporation of different aryl and sulphonamides onto pyrazole nucleus have resulted in Celecoxib (1) and Rimonabant (2) which are anti-inflammatory drugs ( Figure 1) . Recently, Alegaon et al. in 2014 have reported some 1,3,4-trisubstituted pyrazole derivatives are potent anti-inflammatory activity and COX-2 selective inhibition [1, 2] . In addition, numerous reports have appeared in the literature describing different bioactivities and good safety profiles of 1,3,4-trisubstituted pyrazole derivatives including: anti-inflammatory [3] [4] [5] [6] [7] , analgesic, lipid peroxidation, ulcerogenic [8, 9] , antipyretic [10] , antioxidant [11] , antimicrobial, antiviral [12] [13] [14] , anticancer [15] [16] [17] [18] , antimitotic [19] , and immunosuppressive agents [20] . In addition, some pyrazole compounds have gained great attention as antibacterial and fungicidal isoforms of human cytosolic carbonic anhydrase I or II and antitumor properties [21] [22] [23] . Extension of our research towards the identification of an efficient synthesis of biologically active pyrazole compounds [24] [25] [26] [27] [28] [29] , we report herein the synthesis of novel derivatives of 1,3-diaryl pyrazoles and their anti-inflammatory activities.
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and marked decrease in compounds (4b, 5b, and 8b). However, cyclization of chalcone 2a having 4-bromophenyl at position-4 of pyrazole moiety led to a drop in anti-inflammatory activity as in 3a-9a derivatives. The cyanopyridone derivative 6b seems to be the most effective prepared anti-inflammatory agent, revealing better activity (89.57% inhibition of edema) than both indomethacin and celecoxib (standard drugs). Insertion of cyanoiminopyridine moiety as in 7a,b (19.11% and 86 .37% inhibition) instead of cyanopyridone in 6a,b (37.35% and 89.57 % inhibition) displayed a little decrease in the activity. While replacement of thiopyrimidine in 9a,b (29.61% and 87.42% inhibition) with aminopyrimidine moiety in 8a,b led to a drop in the activity (17.66% and 42.78% inhibition) (Figures 1-5 ). 
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Results and Discussion

Chemistry
The reaction sequences outlined in Scheme 1 was used for the synthesis of the target compounds. Application of the Claisen Schmidt condensation on substituted acetophenones namely, 4-bromoacetophenone or 4-methoxyacetophenone and 1-(3-chlorophenyl)-3-(4-methoxyphenyl)-1H-pyrazole-4-carboxaldehyde (1) biologically active pyrazole compounds [24] [25] [26] [27] [28] [29] , we report herein the synthesis of novel derivatives of 1,3-diaryl pyrazoles and their anti-inflammatory activities.
Results and Discussion
Chemistry
The reaction sequences outlined in Scheme 1 was used for the synthesis of the target compounds. Application of the Claisen Schmidt condensation on substituted acetophenones namely, 4-bromoacetophenone or 4-methoxyacetophenone and 1- All the newly synthesized trisubstitutedpyrazole compounds 2-9 were evaluated for their in vivo anti-inflammatory activity using carrageenan induced rat paw edema method [30] . The primarily antiinflammatory activity results (Table 1) revealed that, six compounds (2a, 2b, 3a, 6b, 7b, and 9b) showed consistently excellent anti-inflammatory activity (84.39%-89.57% inhibition) 4 h after the carrageenan injection comparable to that of standard drugs indomethacin and celebrex (72.99% and 83.76%), respectively. Chalcones 2a and 2b showed approximately equal anti-inflammatory activity higher than the reference drugs (% inhibition of edema = 85.23 ± 1.92 and 85.78 ± 0.99), respectively. Considering of the target pyrazoles, it was noticed that the electron donating substituent (methoxy group) at position-4 of pyrazole moiety exhibited higher activity than their congeners with 4-electron withdrawing substituent (bromo group) except for acetylpyrazoline derivatives 3a,b. Cyclization of α,β-unsaturated ketone 2b bearing 4-methoxyphenyl at position-4 of pyrazole moiety, gave increased activity in compounds (6b, 7b, and 9b) with little decrease in acetyl pyrazoline derivative 3b and marked decrease in compounds (4b, 5b, and 8b). However, cyclization of chalcone 2a having 4-bromophenyl at position-4 of pyrazole moiety led to a drop in anti-inflammatory activity as in 3a-9a derivatives. The cyanopyridone derivative 6b seems to be the most effective prepared anti-inflammatory agent, revealing better activity (89.57% inhibition of edema) than both indomethacin and celecoxib (standard drugs). Insertion of cyanoiminopyridine moiety as in 7a,b (19.11% and 86.37% inhibition) instead of cyanopyridone in 6a,b (37.35% and 89.57 % inhibition) displayed a little decrease in the activity. While replacement of thiopyrimidine in 9a,b (29.61% and 87.42% inhibition) with aminopyrimidine moiety in 8a,b led to a drop in the activity (17.66% and 42.78% inhibition) (Figures 2-5 ).
All the newly synthesized trisubstitutedpyrazole compounds 2-9 were evaluated for their in vivo anti-inflammatory activity using carrageenan induced rat paw edema method [30] . The primarily antiinflammatory activity results (Table 1) revealed that, six compounds (2a, 2b, 3a, 6b, 7b, and 9b) showed consistently excellent anti-inflammatory activity (84.39-89.57% inhibition) 4 h after the carrageenan injection comparable to that of standard drugs indomethacin and celebrex (72.99% and 83.76%), respectively. Chalcones 2a and 2b showed approximately equal anti-inflammatory activity higher than the reference drugs (% inhibition of edema = 85.23 ± 1.92 and 85.78 ± 0.99), respectively. Considering of the target pyrazoles, it was noticed that the electron donating substituent (methoxy group) at position-4 of pyrazole moiety exhibited higher activity than their congeners with 4-electron withdrawing substituent (bromo group) except for acetylpyrazoline derivatives 3a,b. Cyclization of α,β-unsaturated ketone 2b bearing 4-methoxyphenyl at position-4 of pyrazole moiety, gave increased activity in compounds (6b, 7b, and 9b) with little decrease in acetyl pyrazoline derivative 3b and marked decrease in compounds (4b, 5b, and 8b). However, cyclization of chalcone 2a having 4-bromophenyl at position-4 of pyrazole moiety led to a drop in anti-inflammatory activity as in 3a-9a derivatives. The cyanopyridone derivative 6b seems to be the most effective prepared anti-inflammatory agent, revealing better activity (89.57% inhibition of edema) than both indomethacin and celecoxib (standard drugs). Insertion of cyanoiminopyridine moiety as in 7a,b (19.11% and 86.37% inhibition) instead of cyanopyridone in 6a,b (37.35% and 89.57 % inhibition) displayed a little decrease in the activity. While replacement of thiopyrimidine in 9a,b (29.61% and 87.42% inhibition) with aminopyrimidine moiety in 8a,b led to a drop in the activity (17.66% and 42.78% inhibition) (Figures 1-5 ). Values represent the mean ± S.E. of six animals for each groups. * p < 0.05: Statistically significant from the control using one-way ANOVA (using Tukey as post hoc test). 
Ulcerogenic Liability
Ulcerogenic liability of all prepared anti-inflammatory agents 2-9 was determined following the reported standard method [31] using indomethacin and Celebrex (in a dose 0.28 mmol/kg) as reference standards. It was noticed that all compounds revealed no ulcers, like celebrex, and they are considered safer than indomethacin itself which produced an ulcer count of 14 ± 1.2.
Molecular Modeling Study
Molecular modeling study of the highly observed anti-inflammatory active agent 6b was performed herein to understand the observed pharmacological data. Docking study was initiated using MOE 2008.10 program. It is used to predict the binding modes and orientation of compound 6b at the active site of the ATP binding site of COX-2 enzyme. The coordinates of this enzyme structure were obtained from the crystal structure of COX-2 with its inhibitor (PDB ID: 1CX2). The root mean square difference (RMSD) between the top docking pose and original crystallographic geometry of co-crystallized ligand SC-558 was 0.9 Å. The phenylsulphonamide moiety of this SC-558 is surrounded by hydrophobic residues Leu352, Tyr355, Phe518, Val523, and the backbone of Ser353. Beyond this hydrophobic pocket, the sulphonamide exhibits hydrophilic interaction with His90, GIn192, and Arg513 [32] . Celecoxib forms three hydrogen bonds with the hydrophilic side chains (His90 and Gln192) in the side pocket and the main chain carbonyl at residue Leu338 [33] .
In Table 2 , the compounds 2a, 2b, 3a, 4b, 5b, 6b, 7b and 9b with the highest and moderate anti-inflammatory activity were found to have high binding energy ranging from −6.25 to −8.11 kcal·mol −1 in comparison with reference ligands SC-558 and celecoxib (−6.30 and −6.55 kcal·mol −1 respectively). It was observed that most of the active compounds have arene-cation interaction between (Arg120 and Arg513) and the newly inserted 4-methoxyphenyl moiety. 
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In Table 2 , the compounds 2a, 2b, 3a, 4b, 5b, 6b, 7b and 9b with the highest and moderate anti-inflammatory activity were found to have high binding energy ranging from −6.25 to −8.11 kcal·mol −1 in comparison with reference ligands SC-558 and celecoxib (−6.30 and −6.55 kcal·mol −1 respectively). It was observed that most of the active compounds have arene-cation interaction between (Arg120 and Arg513) and the newly inserted 4-methoxyphenyl moiety. From Figure 6 , it was found that the compound 6b revealed good fitting inside the binding site of the protein molecular surface and having minimum binding energy of −8.11 kcal·mol −1 . There were two hydrogen bonds linking the sidechain of His90 with NH and oxygen of pyridone moiety as hydrogen acceptors (distance: 2.76 and 2.79 Å, respectively). The 4-methoxyphenyl moiety attached to pyridone formed two arene-cation interactions with Arg120 and Arg513. Furthermore, one H-bond acceptor was observed between the sidechain of Arg120 and 4-methoxyphenyl linked to pyrazole scaffold (distance: 3.19 Å). The previous results indicated that the insertion of 4-methoxyphenyl group to the pyridone moiety might reinforce the combination of compound 6b and the receptor, which might enhance the binding affinity, resulting in the increased anti-inflammatory activity of this compound.
From Figure 6 , it was found that the compound 6b revealed good fitting inside the binding site of the protein molecular surface and having minimum binding energy of −8.11 kcal·mol −1 . There were two hydrogen bonds linking the sidechain of His90 with NH and oxygen of pyridone moiety as hydrogen acceptors (distance: 2.76 and 2.79 Å, respectively). The 4-methoxyphenyl moiety attached to pyridone formed two arene-cation interactions with Arg120 and Arg513. Furthermore, one H-bond acceptor was observed between the sidechain of Arg120 and 4-methoxyphenyl linked to pyrazole scaffold (distance: 3.19 Å). The previous results indicated that the insertion of 4-methoxyphenyl group to the pyridone moiety might reinforce the combination of compound 6b and the receptor, which might enhance the binding affinity, resulting in the increased anti-inflammatory activity of this compound. 
Experimental Section
General Information
Melting points were measured in open capillary tubes using a Griffin apparatus and are uncorrected. Structures of compounds were confirmed by routine spectrometric analysis. Elemental analyses were carried results were within ±0.4% of the theoretical values. Infrared spectra were recorded on a 435 IR spectrophotometer (Shimadzu Bruker, Tokyo, Japan) using KBr discs. 1 H-NMR and 13 C-NMR spectra were obtained on a Gemini 500 MHz spectrophotometer (Varian, Polo Alto, CA, USA) or on a Bruker 500 MHz spectrophotometer, and measured in δ scale using TMS as an internal standard. Mass Spectra were recorded on a 5988 spectrometer (Hewlett Packard, Palo Alto, CA, USA). Analytical thin layer chromatography (TLC) was performed using silica gel aluminum sheets, 60 F 254 (E. Merck, Darmstadt, Germany) for the progress of reactions and visualization with ultraviolet light (UV) at 365 and 254 nm.
1-(4-Substitutedphenyl)-3-(1-(3-chlorophenyl)-3-(4-methoxyphenyl)-1H-pyrazol-4-yl)prop-2-en-1-one (2a,b)
A mixture of pyrazolecarbaldehyde derivative 1 (0.01 mol) and substituted acetophenones, namely 4-bromoacetophenone or 4-methoxyacetophenone (0.01 mol), in of 30% ethanolic NaOH solution (40 mL) was stirred for 12 h at room temperature. The progress of reaction was monitored by TLC. After completion, the reaction mixture was poured into acidified ice cold water of pH~2. The precipitated solid formed was filtered, washed with water and recrystallized from ethanol to afford the title compounds 2a,b. 125.4, 125.9, 126.1, 127.6, 129.1, 129.8, 130.7, 131.1, 134.4, 137.8, 140.8, 150.4, 155.2, 159.1, 160. Thiosemicarbazide was added to a mixture of chalcone 2a,b (0.01 mol) in absolute ethanol (30 mL) containing sodium hydroxide (1 g, 0.025 mol). The reaction mixture was heated under reflux for 2-3 h. The contents were reduced, cooled, and poured onto crushed ice containing a few drops of hydrochloric acid (until pH~6). The resulting precipitate was collected by filtration and recrystallized from methanol to give the title compounds 4a,b. A mixture of compounds 2a,b (0.01 mol) and hydroxylamine hydrochloride (0.01 mol) in ethanol (30 mL) containing sodium hydroxide solution (0.5 g NaOH in 0.5 mL water) was refluxed for 2-3 h. The reaction mixture was poured onto ice-water, neutralized with drops of concentrated Hydrochloric acid, and the solid precipitate formed filtered off, washed with water, and recrystallized from methanol to afford the desired compounds 5a,b. 1H-pyrazol-4-yl)-1,2-dihydro-2-iminopyridine-3-carbonitrile (7a,b) A mixture of compounds 2a,b (0.01 mol), ethyl cyanoacetate or malononitrile (0.01 mol), and ammonium acetate (6 g, 0.08 mol) was refluxed in ethanol (30 mL) for 6 h. The formed precipitate was collected by filtration, washed several times with water, dried and recrystallized from ethanol to afford the title compounds 6a,b and 7a,b, respectively. An aqueous solution of sodium hydroxide (40%, 5 mL) was added portion wise during a period of 3 h to a mixture of 1-substituted prop-2-en-1-ones 2a or 2b (0.01 mol) and guanidine sulphate (1.6 g, 0.01 mol) in ethanol (25 mL). After refluxing for 5-7 h, the solid product formed upon pouring onto ice/water containing a few drops of hydrochloric acid (until pH~6) was collected by filtration, washed with water, then recrystallized from methanol. 
1-(4-Bromophenyl)-3-(1-(3-chlorophenyl)-3-(4-methoxyphenyl)-1H-pyrazol-4-yl)prop-2-en-1-one (2a
3-(4-Bromophenyl)-5-(1-(3-chlorophenyl)-3-(4-methoxyphenyl)-1H-pyrazol-4-yl)-4,5-di-hydropyrazole-1- carbothioamide (4a4-(3-(4-Bromophenyl)isoxazol-5-yl)-1-(3-chlorophenyl)-3-(4-methoxyphenyl)-1H-pyrazole (5a6-(4-Bromophenyl)-4-(1-(3-chlorophenyl)-3-(4-methoxyphenyl)-1H-pyrazol-4-yl)-1,2-dihydro-2-oxopyridine
4-(4-
Bromophenyl)-6-(1-(3-chlorophenyl)-3-(4-methoxyphenyl)-1H-pyrazol-4-yl)pyrimidin-2-amine (8a
Measurement of Anti-Inflammatory Activity
Compounds 2-9 were screened for their in vivo anti-inflammatory activity by the carrageenan-induced paw edema standard method [1] . Mature Swiss male albino rats were obtained from The Animal House, NRC, Cairo, weighing 150-200 g. Edema was induced in the left hind paw of all rats by subcutaneous injection of 0.1 mL of 1% (w/v) carrageenan in distilled water into their footpads. Rats were divided into six groups of six rats each. The first group was kept as control, and was given the respective volume of the solvent (1% of tween-80 in distilled water). The other groups were orally administered the drugs-indomethacin and celebrex (reference standards) and the tested compoundsafter dissolution in water and 1% tween 80 in dose of 0.28 mmol/kg, 1 h before carrageenan injection. The paw volume of each rat was measured using Vernier caliper; before carrageenan injection and then hourly for 4 h post-administration of the drugs. The edema rate and inhibition rate of each group were calculated as follows:
Percentage change of Edema rate (E) % = [(Vt − Vo )/Vo] × 100 Inhibition rate (I)% = [(Ec − Et)/Ec] × 100 where: Vo is the volume before carrageenan injection (mL). Vt is the volume at t hour after carrageenan injection (mL). Ec is the edema rate of control group. Et is the edema rate of the treated group.
Ulcerogenic Liability
After five hours of measuring the anti-inflammatory activity, the rats were sacrificed by decapitation. Their stomachs were removed, opened along the greater culvature, and the number of ulcers was assessed by the reported standard method [2] . The separate groups which received indomethacin and Celebrex (0.28 mmol/kg) as positive controls were used. The results were compared with tween-80 (1% solution) treated group as negative control.
Molecular Modeling Study
All the molecular modeling calculations and docking simulation studies were performed using Molecular Operating Environment (MOE ® ) [3] 2008.10. All the interaction energies and different calculations were automatically calculated.
Optimization of the Target Compound 6b
The target compound 6b was constructed into a 3D model using the builder interface of the MOE program. After checking their structures and the formal charges on atoms by 2D depiction, the following steps were carried out: the target compound was subjected to a conformational search. All conformers were subjected to energy minimization, all the minimizations were performed with MOE until a RMSD gradient of 0.01 Kcal/mole and RMS distance of 0.1 Å with MMFF94X force-field and the partial charges were automatically calculated. The obtained database was then saved as MDB file to be used in the docking calculations.
Optimization of the Enzymes Active Site
The X-ray crystallographic structure of COX-2 receptor complexed with 1-phenylsulfonamide-3-trifluoromethyl-5-(4-bromophenyl)pyrazole, SC-558 (PDB ID: 1CX2) [4] was obtained from the Protein Data Bank through the internet. The enzyme was prepared for docking studies by removing the ligand molecule SC-558 from the COX-2 receptor active site. Hydrogen atoms were added to the system with their standard geometry. The atoms connection and type were checked for any errors with automatic correction. Selection of the receptor and its atom potential were fixed. MOE Alpha Site Finder was used for the active site search in the enzyme structure using all default items. Dummy atoms were created from the obtained alpha spheres. Re-docking of co-crystalline ligand to the receptor active site to insure the docking method was efficient and the active pocket was saved as a MOE file to be used for docking simulation of the selected compounds.
Docking of the Target Molecule 6b and Celecoxib to the Receptor Active Sites
Docking of the conformation database of the target compounds was done using MOE-Dock software. The following methodology was generally applied via loading of the enzyme active site file and the dock tool was initiated. The program specifications were adjusted to: -Dummy atoms as the docking site. -Triangle matcher as the placement methodology to be used. -London dG as scoring methodology to be used and was adjusted to its default values. The MDB file of the ligand to be docked was loaded and dock calculations were run automatically. The obtained poses were studied and the poses showed best ligand-enzyme interactions were selected and stored for energy calculations. The 2D interaction and stereo view for compound 6b inside the active site of COX-2 kinase were obtained and saved as both MOE and photo files.
Conclusions
In summary, we have designed and synthesized a new series of 1,3,-diaryl pyrazole derivatives linked different nitrogenous heterocyclic ring systems at C-4 position including pyrazoles, isoxazole, pyridines, or pyrimidines and evaluated for their anti-inflammatory activity using standard acute carrageenan-induced paw edema method. From the obtained results, six compounds (2a, 2b, 3a, 6b,  7b, and 9b) showed consistently excellent anti-inflammatory activity (84.39-89.57% inhibition) 4 h after the carrageenan injection comparable to that of the standard drugs indomethacin and Celebrex (72.99% and 83.76%, respectively). The cyanopyridone derivative 6b seems to be the most effective product, displayed better activity (89.57% inhibition of edema) than both indomethacin and celecoxib (reference standards), and could be considered a promising selective anti-inflammatory lead for further development of more potent anticancer agents. The structures of the newly prepared compounds were elucidated using spectroscopic and elemental analysis.
